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Scalar fields are among the possible candidates for dark energy. This paper is
devoted to the scalar fields from the inert doublet model, where instead of one
as in the standard model, two SU(2) Higgs doublets are used. The component
fields of one SU(2) doublet (φ1) act in an identical way to the standard model
Higgs while the component fields of the second SU(2) doublet (φ2) are taken
to be the dark energy candidate (which is done by assuming that the phase
transition in the field has not yet occurred). It is found that one can arrange
for late time acceleration (dark energy) by using an SU(2) Higgs doublet in
the inert Higgs doublet model, whose vacuum expectation value is zero, in the
quintessential regime.
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1. Introduction
Three components which contribute to the total energy density of the Uni-
verse are non-relativistic matter, relativistic matter and dark energy. The
dark energy, which constitutes about 70% of the present energy density of
the Universe is thought to be providing the accelerated expansion to the
Universe. Several possible candidates (explanations) of inflation and dark
energy are discussed in the literature, a few of them are: the cosmological
constant (Λ)1,2; modified gravity3 4; scalar field models (e.g. quintessence,
K-essence, tachyon field, phantom (ghost) field5–7, dilatonic dark energy,
Chaplygin gas)2 and vector fields8.
The homogeneous, isotropic Universe model is described by the
Friedmann-Robertson-Walker (FRW) metric and its dynamics is described
by the Friedmann equations which are
H2 =
1
3
ρ− κ
a2
,
a¨
a
= −1
6
(1 + 3ωeff) ρ , (1)
where a is the scale factor, H = a˙/a is the Hubble parameter, ρ is the total
energy density, κ is spatial curvature and P is the pressure. In deriving the
ar
X
iv
:1
80
5.
05
77
7v
1 
 [p
hy
sic
s.g
en
-p
h]
  1
1 M
ay
 20
18
May 16, 2018 0:53 WSPC Proceedings - 9in x 6in ws-procs9x6 page 2
2
above equations, ωeff = ΩDE ωDE + ΩR ωR + ΩM ωM and the barotropic
equation of state P = ωρ has been used. From eq. (1), we see that a¨ > 0
when ωeff < − 13 .
In this paper, we assume that the present state of the Universe is de-
scribed by an inert Higgs doublet model. If the phase transition in the
second SU(2) doublet, φ2, (which has zero vacuum expectation value (vev))
has not occurred yet, then the component fields of the doublet can be con-
sidered as dark energy candidates.
2. The inert doublet model
The electroweak symmetry in the standard model (SM) of Particle Physics
is broken spontaneously by the non-zero vev of the Higgs field(s) via the
Higgs mechanism. The Lagrangian which describes any model in Particle
Physics is
L = L SMgf +LY +LHiggs . (2)
Here, L SMgf is the SUC(3)⊗SUL(2)⊗UY (1) is the SM interaction of the
fermions and gauge bosons (force carriers), LY is the Yukawa interaction
of fermions with the Higgs doublet which has non zero vev in inert doublet
model and LHiggs is the Higgs field Lagrangian where
LHiggs = (D1µφ1)
†(D1µφ1) + (D2µφ2)
†(D2µφ2)
+
[
χ(D1µφ1)
†(D2µφ2) + χ∗(D2µφ2)
†(D1µφ1)
]− V (H), (3)
where the first three terms describe the kinetic energy and VH is the po-
tential of the Higgs field(s)
VH = V1 + V2 + Vint , (4)
= ρ1 exp(Λ1m
2
11φ
†
1φ1) + ρ2 exp(Λ2m
2
22φ
†
2φ2) + ρ3 exp
(1
2
Λ3λ1(φ
†
1φ1)
2
)
+ ρ4 exp
(1
2
Λ4λ2(φ
†
2φ2)
2
)
+m212(φ
†
1φ2) +m
2
12
∗
(φ†2φ1) + λ3(φ
†
1φ1)(φ
†
2φ2)
+ λ4(φ
†
1φ2)(φ
†
2φ1) +
1
2
[
λ5(φ
†
1φ2)
2 + λ∗5(φ
†
2φ1)
2
]
+ λ6(φ
†
1φ1)(φ
†
1φ2)
+ λ∗6(φ
†
1φ1)(φ
†
2φ1) + λ7(φ
†
2φ2)(φ
†
1φ2) + λ
∗
7(φ
†
2φ2)(φ
†
2φ1) ,
(5)
where V1 and V2 in eq. (4) are the Lagrangian of the Higgs field φ1 (given
by the first two terms of the RHS of eq. (5)) and φ2 (given by the 3
rd and
the 4th terms of the RHS of eq. (5)) respectively, Vint is the interaction
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Lagrangian of the fields φ1 and φ2 given by the remaining terms. The
covariant derivative and the Higgs doublets are defined as
Diµ = ∂µ + ι˙
gi
2
σjW
j
µ + ι˙
g′i
2
Bµ ,
φi =
[
φ+i
ηi + ι˙χi + νi
]
, φ†i =
[
φ−i ηi − ι˙χi + νi
]
.
Where gi and g
′
i are the SU(2) and U(1) couplings of the Higgs doublets
respectively, σj are the Pauli matrices, W
j
µ and Bµ are the generators of
SU(2) and U(1) group. The dimensions of different parameters are
[ρi]
−1 = [Λi] = [L]4, [m2ii] = [L]
−2, [φi] = [L]−1 and [λi] = [L]0.
Here “L” denotes the length. The fields φ+i , φ
−
i , ηi and χi are the hermitian
Higgs fields (φ±i are charged whereas other fields are neutral), νi is the vev
of the doublet φi.The vev of the potential is found by taking
∂VH
∂φ1
∣∣∣∣φ1=〈φ1〉
φ2=〈φ2〉
=
∂VH
∂φ†1
∣∣∣∣φ1=〈φ1〉
φ2=〈φ2〉
= 0 and
∂VH
∂φ2
∣∣∣∣φ1=〈φ1〉
φ2=〈φ2〉
=
∂VH
∂φ†2
∣∣∣∣φ1=〈φ1〉
φ2=〈φ2〉
= 0 .
(6)
One solution of the above equations, by truncating the potential eq. (5)
upto forth order in the Z2 symmetry conservative case, for ν1 and ν2 is
ν21 = −
ρ1Λ1m
2
11
λ
′
1
, ν22 = 0 , (7)
where λ
′
1 =
1
2
(
ρ3Λ3λ1 + ρ1(Λ1m
2
11)
2
)
and λ
′
2 =
1
2
(
ρ4Λ4λ2 + ρ2(Λ2m
2
22)
2
)
.
The masses of the Higgs fields in this vacuum are
m2η1 = 2λ
′
1ν
2
1 , m
2
η2,χ2 = ρ2Λ2m
2
22 +
λ3 + λ4 ± Re(λ5)
2
ν21 ,
m2
φ±2
= ρ2Λ2m
2
22 +
λ3
2
ν21 ,
(8)
where ν1 =
1
4
√
2GF
2
≈ 246GeV. The Higgs vacuum energy of the potential
given by eq. (5) is
E
′
vac = ρ2 + ρ4 + ρ1 exp
(
1
2
m211Λ1ν
2
1
)
+ ρ3 exp
(
1
8
λ1Λ3ν
4
1
)
. (9)
If we require that the phase transitions in the doublet φ1 (which is
acting as the SM Higgs doublet) occur at the same temperature as in the
SM Higgs doublet we obtain
2λ3 + λ4 = 0.7869 , (10)
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3. Higgs field(s) as dark energy field(s)
By the second Friedmann eq. (1) the accelerated expansion will occur
when ωeff < − 13 . For the cosmological evolution of the fields η2, χ2 and
φc2, the Euler-Lagrange equations of motion of the fields are solved with
the Friedmann equations numerically in the flat Universe (κ = 0). The
initial conditions used are η2ini = MP , χ2ini = MP , φ
c
2ini = 0, η˙2ini = 0,
χ˙2ini = 0 and φ˙
c
2ini = 0. The masses of the Higgs bosons in the analysis
are taken to be
mη2,χ2 = 6.925× 10−61GeV, mφ±2 = 154.305GeV,
so as to get the evolution of the energy densities as observed. Since the
observed vacuum energy is so small O(10−121EP /L3P ), it needs for very
small values of parameters to achieve over-damped oscillations (required
to ensure that ωeff become less than −1/3 only once on the cosmological
scale). Thus, there is also a fine tuning problem related to the smallness of
the field mass in our model. The numerical solution obtained is depicted
graphically in Figs. 1 and 2,
ωHiggs= PHiggsρHiggs
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Fig. 1. Equation of state ωHiggs and ωeff as a function of reshift
During the evolution, equation of state parameter ωHiggs starts to in-
creasing from −1 as shown in Fig. 1. In the very late (future) Universe
(Z ≤ 0), a period with ω = −1 is reachieved to give an exponentially
accelerating Universe.
The ωeff in Fig. 1 starts from ≈ 0.167 (set by initial conditions
ΩHiggsint = 0 and ΩNRint = ΩRint = 0.5; where NR stands for non-
relativistic matter and R for relativistic matter) and decreases as the en-
ergy density of relativistic matter decreases. This and before is the time
period when non-relativistic matter dominates and expanding Universe de-
celerates as matter domination pulls everything inwards more than the
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outward Higgs negative pressure. After that ωeff starts to decrease as the
non-relativistic energy density decreases and Higgs relic energy density in-
creases as shown in Fig. 2, this time and afterwards Higgs negative pressure
starts to dominates for forever and ωeff eventually settles down to −1.
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Fig. 2. Relic densities as a function of ln[a0/a].
Figure 2 is plotted for the evolution of the relic density of the non-
relativistic matter, relativistic matter and the dark energy Higgs fields
against ln(a0/a(t)). The figure shows that only now the dark energy
Higgs has started to dominate in the critical density while in the past
non-relativistic matter was dominating. The dark energy Higgs becomes
dominant at Z = 6 and will dominate afterwards. At Z ≈ 0.3235 the non-
relativistic matter and relativistic matter energy densities are equal. For
Z > 0.3235 non-relativistic matter is dominating and for Z < 0.3235 dark
energy Higgs started to dominate causing the accelerated expansion of the
Universe.
4. Conclusions
In this article we assumed that dark energy actually is some form of scalar
field(s) which is (are) present in the so called inert Higgs doublet model.
The masses mi were chosen arbitrary to get ΩHiggs ≈ 0.7, to avoid oscil-
lations in the fields we have to take λ3 + λ4 ± λ5 ≈ O(10−125) and thus
the masses of second Higgs doublet’s fields very small to ensure that we get
ωeff = −1/3 only once in the history of the Universe.
One thing that remains important to check in all extensions of the SM
is whether the Higgs potential contains the vacuum instability or not? The
answer to the question for our model is that although it contains the vacuum
instability, due to the coupling of the second Higgs with the SM Higgs
O(10−126), the RGEs running of the SM Higgs will not be effected. We
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expect the vacuum instability to occur at approximately the same scale as
it occurs in the SM.
When describing a model for accelerated expansion of the Universe, it
becomes essential to compare it with the ΛCDM model. In comparing our
model with the ΛCDM, we noted that on the cosmological scale our model
is quite different from the standard ΛCDM in low redshift era. In our
model ωHiggs is not constant over redshift, as shown in Fig. 1, giving the
approximate value of ωHiggs to be −0.858 at Z = 0, whereas in ΛCDM
one expects to get ωDE to be −1 at all redshifts. Thus, our model can be
distinguished from the ΛCDM via the variation of ωHiggs from −1 on the
cosmological scale. In concluding, since we get ωeff < −1/3 after solving
the Euler-Lagrange equations numerically, the proposed Higgs field could
cause the current observed accelerated expansion.
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